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Renal collecting duct endothelin-1 is a critical regulator of the
epithelial sodium channel (ENaC) and blood pressure (BP). Recently,
we showed that mice lacking the circadian clock protein Per1 exhibited
dramatically lower BP compared to wild type mice. Since ET-1 reduces
Na+ retention and Per1 represses expression of ET-1 mRNA in the
kidney, we hypothesized that elevated renal ET-1 levels contribute to
the lower BP in Per1 KOmice. Examination of ET-1 peptide levels in the
inner medulla of Per1 KO and WT mice showed that Per1 KO mice
expressed higher levels of ET-1. ET-1 peptide levels varied with a
circadian pattern that correlated with dipping of BP in wild type mice.
To further investigate a role for Per1 in the regulation of the endothelin
axis, ET-1, ETAR and ETBR mRNA expression were measured in lung,
heart, liver and the renal innermedulla.Measurementswere performed
at noon and midnight, representing the peak of murine rest and active
phases, respectively. The effect of reduced Per1 expression on levels of
the endothelin axis and the circadian pattern of expression appeared to
be tissue speciﬁc. For example, in the renal inner medulla, ETAR and
ETBR exhibited peaks of expression in opposite circadian phases. In
contrast, lung expression of ET-1, ETAR and ETBR did not vary with a
circadian pattern, but ET-1 expression was dramatically decreased in
Per1 heterozygous mice. Heart and liver also showed distinctive
circadian expression of ET-1, ETAR and ETBR. These observations may
have important implications for our understanding of the best time of
day to deliver endothelin receptor antagonists.
doi:10.1016/j.lfs.2013.12.217
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Since a series of gene knockout studies in 1990s, the endothelin
system has emerged as a key determinant in embryonic development.
Wehave shown that the endothelin-1 (ET-1)/endothelin type-A receptor
(ETAR) pathway acts as a molecular switch that speciﬁes the ventral
identity of the pharyngeal arches to form the lower jaw and related
structures. Mice deﬁcient in ET-1/ETAR signaling also showed anomalies
in the great arteries. The preotic (cranial) and postotic (cardiac) neural
crest cells are responsible for these processes as a target cell population.
Recently, we found that the cranial neural crest from the preotic region,
rather than post-otic ‘cardiac’ neural crest cells, migrate into the heart
and differentiate into coronary artery smooth muscle cells in the
proximal region (Nat. Commun. 3: 1267, 2012). Ablation of the preotic
neural crest in chick embryos causes abnormalities in coronary septal
branch and oriﬁce formation. Appropriate migration and deployment of
neural crest cells and subsequent smooth muscle differentiation require
multicellular interactions involving ET-1/ETAR signaling possibly through
G12/13-mediated mechanisms, whereas ET-1/ETAR signaling is involved
in ventral identiﬁcation of the pharyngeal arches through Gq/11-
mediated, Dlx5/6-dependet mechanisms. These ﬁndings indicate that
the ET-1/ETAR signaling pathway is involved in craniofacial and cardiac
development through different trimeric G-proteins.
doi:10.1016/j.lfs.2013.12.218
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Erythropoietin (EPO) is used to correct anemia in chronic kidney
disease (CKD). EPO has been shown to increase blood pressure (BP) in
patients and animals with CKD. Plasma endothelin (ET)-1 levels are
increased in CKD animals and patients, and enhanced by EPO. EPO-
induced BP rise was blunted by ETA receptor blockers. This study was
designed to determine whether pre-existing ET-1 overexpression is
required for EPO to cause adverse vascular effects, and whether this
could be prevented by exercise training. We treated 8–10-week old
male mice with endothelial speciﬁc ET-1 overexpression (eET-1) with
EPO (100 IU/kg, SC, 3 times/week) or not, and subjected or not the
mice to swimming exercise training (1 h/d, 6 d/week) for 8 weeks.Wild-
type littermate mice were treated or not with EPO as above and
maintained sedentary. EPO increased systolic BP by 24 mmHg (P b 0.05)
in eET-1 mice, and decreased vasodilatory responses to acetylcholine by
25% (P b 0.01). EPO enhanced ET-1-induced increase in resistance artery
media/lumen by 31% (P b 0.05), aortic NADPH oxidase activity by 50%
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(P b 0.05), reactive oxygen species generation by 93% (P b 0.001) and
monocyte/macrophage inﬁltration by 160% (P b 0.001), and raised
plasma ET-1 by 130% (P b 0.05). EPO had no effect on wild-type mice.
Exercise training prevented all of the above effects of EPO as well as ET-1
(P b 0.05). EPO-induced SBP rise and adverse vascular effects are
dependent on the pre-existing level of ET-1 expression. Exercise training
prevented EPO-induced BP rise and adverse vascular effects in part by
inhibiting ET-1 overexpression-induced oxidative stress, inﬂammation
and immune activation.
doi:10.1016/j.lfs.2013.12.219
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Endothelin (ET)-1 promotes reactive oxygen species (ROS) produc-
tion and inﬂammation in the vasculature. ET-1 has been implicated in
the pathogenesis of atherosclerosis in both human and animal models.
Abdominal aorta aneurysms (AAA) occur in association with athero-
sclerosis. We hypothesized that ET-1-induced ROS and inﬂammation
contribute to the development of atherosclerosis and increase occur-
rence of AAA in high-fat diet (HFD)-fed apolipoprotein E knockout
(ApoE−/−) mice. Eight-week-old male transgenic mice overexpress-
ing ET-1 in the endothelium (eET-1), ApoE−/−, eET-1/ApoE−/− and
wild-type mice were fed HFD for 8 weeks. eET-1/ApoE−/− mice
presented 2-fold and 4-fold more atherosclerotic lesions in aortic sinus
and ascending aorta, respectively, compared to ApoE−/− mice
(P b 0.05). Aortic aneurysms were observed at suprarenal level in 6 of
15 eET-1/ApoE−/− compared to none of 15ApoE−/−mice (P b 0.05).
ET-1 overexpression increased ROS production N2.6-fold in peri-
vascular fat (PVAT), media and plaques of ApoE−/− mice (P b 0.05).
ET-1 overexpression increased monocyte/macrophage inﬁltration 5-
and 8-fold in PVAT and media of ApoE−/− mice, respectively
(P b 0.05). CD4+ T cell inﬁltration was observed with greater
frequency in PVAT (3/6) and plaques (5/6) in ascending aorta of eET-
1/ApoE−/− compared to ApoE−/− (1/6) mice (P b 0.05). Spleen pro-
inﬂammatory Ly-6Chi monocytes were 65% higher in ApoE−/−
compared to wild-type mice (P b 0.05), which was further increase
by 26% in eET-1/ApoE−/−mice (P b 0.05). Stretching and fragmenta-
tion of elastin ﬁbers at suprarenal level were detected only in eET-1/
ApoE−/−mice. These results suggest that ET-1 promotes development
of atherosclerotic lesions and AAA by increasing oxidative stress,
monocyte/macrophage and T cell inﬁltration. ET-1-induced alteration
in elastin ﬁbers may play an important role in AAA development.
doi:10.1016/j.lfs.2013.12.220
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Collecting duct (CD)-derived endothelin-1 (ET-1) inhibits Na
and water reabsorption; its deﬁciency causes marked hypertension.
CD ET-1 synthesis is enhanced by extracellular ﬂuid volume
expansion. In cultured cortical CD (CCD) cells, increased ﬂow (as
would occur in tubule ﬂuid during volume expansion) stimulates ET-1
production; this is ENaC-dependent. Since the inner medullary CD
(IMCD) is themajor site of renal ET-1 synthesis, we examined the effect
of ﬂow on IMCD ET-1 production. Mouse IMCD3 cells were subjected to
static conditions orﬂow (2 dyn/cm2 for 2 h), followed by determination
of ET-1 mRNA. Flow increased ET-1 mRNA by 2.2-fold. Absence of
perfusate Ca prevented the ﬂow response. BAPTA, W-7, calmidazolium,
KN-93, calphostin C and cyclosporin A reduced the ET-1 ﬂow response,
indicating that PKC and Ca/calmodulin/calmodulin kinase/calcineurin
pathways are essential for the ﬂow response. Amiloride or benzamil
did not affect the ET-1 response to ﬂow. Increasing perfusate
osmolality to 450 mOsm with NaCl, mannitol or urea elicited a
marked ﬂow response (4.4-fold increase in ET-1 mRNA). Removal of
cilia with chloral hydrate reduced the ﬂow response, while ﬂow
failed to stimulate ET-1 mRNA in mIMCD3 cells deﬁcient in
polycystin-2. These data suggest that IMCD ET-1 synthesis is
stimulated by tubule ﬂuid ﬂow via increased solute delivery and
possibly cilia deformation, which in turn activates PKC- and Ca-
dependent pathways. We propose that Na delivery stimulates CCD
ET-1, which, in turn, inhibits CCD Na reabsorption, while solute and
water delivery stimulate IMCD ET-1, which, in turn, inhibits IMCD
water and urea reabsorption.
doi:10.1016/j.lfs.2013.12.221
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Two types of endothelin receptors, ETAR and ETBR, are internal-
ized upon ET-1 stimulation, but their fates are different after
stimulation despite of their sequence homology. To get insights into
the mechanisms for different fates of these receptors, we examined
stimulation- induced ubiquitination of the receptors. After ET-1
stimulation, ETBR was ubiquitinated, whereas ETAR was not.
The mutant ETBR receptor in which all lysine residues in C-terminal
(C-tail) were replaced by arginine was not ubiquitinated. After ET-1
treatment, the amount of cell surface ETBR decreased rapidly, but
that of ETBR mutant was virtually unchanged. In addition, the
level of ERK phosphorylation and Ca2+ response was enhanced
in mutant ETBR-expressing cells compared to those in wild type
ETBR-expressing cells following ET-1 stimulation. There are 8 lysine
residues in ETBR C-tail for probable ubiquitination: 3 lysines before
and 5 lysines after palmitoylation site (PS). The mutant in which 5
lysine residues after PS were replaced with arginine was not
ubiquitinated upon ET-1 stimulation, whereas the mutant in which
3 lysine residues before that site were replaced with arginine was
ubiquitinated. ETBR mutants in which either one of 5 lysine residues
after PA was left unreplaced were ubiquitinated and internalized
following ET-1 stimulation. These results indicate that ubiquitination
of either one of lysine residues in ETBR C-tail is sufﬁcient for ET-
dependent internalization.
doi:10.1016/j.lfs.2013.12.222
Abstractse30
